During the past decade it has been evident that the morphologies of globular cluster color-magnitude diagrams cannot be described by only two parameters, age and metal abundance (Sandage and Wildey 1967, Hartwick 1968). The third parameter is unlikely to be helium because a normal helium abundance is needed to explain the pulsation of RR Lyrae stars (Deupree 1977) and because the helium abundance of the planetary nebula in the metal-poor cluster M15 is normal (O'Dell et al, 1964).
stars. The stars in the cluster M71 appear to lie on the line for standard stars. There is a marked difference between stars in M3 and M5 as compared to stars in MIO and Ml3. The former deviate from the standard line by 0.035 mag while the latter deviate by 0.070 mag. This indicates a higher CO concentration and hence a higher abundance of carbon or oxygen (or both) in M3 and M5 as compared with MIO and M13. To be quantitative we must first determine the abundance of free oxygen in these stars.
From 4m. echelle spectra of one star in M22 and two stars each in M5 and M13 we have derived the ratio of 01 to the metals by a curve-of-growth analysis. Our results are of a very preliminary nature for the following reasons. The analysis is by a curve-of-growth for 01 as compared with singly ionized iron, titanium, and scandium. Since oxygen is almost entirely neutral and the other three elements are almost entirely ionized, no ionization corrections need be made. No account of association of oxygen in CO is taken since carbon is normally 1/3 of oxygen and hence CO does not greatly deplete the supply of 01. The temperatures were obtained from the colors. Improved temperatures from line intensities will be obtained later and our final analysis will be done by model atmospheres. Table I .
OBSERVATIONS Ol CO AND Ol IN STARS IN GLOBULAR CLUSTERS
From the table we find that [0/m] is +0.5 for M5 and virtually zero for M13. Hence we see that 01 as well as CO is enhanced in M5. The enhancement of CO indicates that carbon is also enhanced since adding 0 without C will not enhance CO very much. We plan to carry out the necessary model atmospheres, etc. to predict CO enhancement as a function of C and 0 abundance and the other relevant parameters; but we can conclude from the data available that oxygen and probably carbon are enhanced in M5 relative to M13.
It therefore appears that somehow M5 has retained a higher ratio of helium burning products to metals than has M13. Furthermore the increase in oxygen shows that helium burning occurred in a high temperature, low density environment so as to produce oxygen as well as carbon. This means that the helium burning must have taken place in very massive stars. The lifetimes of stars in the range of 10-100 MQ are so short that mass lost from their surfaces during their evolution could easily have been collected by the stars near 0.8 M@ that are presently red giants while they were still contracting and hence had a large geometrical cross section to capture intracluster gas.
If the metals and CNO now present in the red giants of globular clusters were formed prior to star formation in the cluster, there is almost no way to speculate as to their mode of formation.
The observations reported upon in this paper were made at the Kitt Peak National Observatory, which is operated under contract with the National Science Foundation. This research was supported by grants from the National Science Foundation. We thank Mr. Bernard Bates for measuring and plotting the equivalent widths and curves-of-growth. CASTELLANI : I agree that nobody, at present, believes in globular cluster stars without helium. Nevertheless, I wish to point out that a variation in the original helium as low as ΔΥ ^ O.O3 -O.O6 can produce strong consequences in the expected morphology of HR diagrams. So, even if we accept "regular" helium in globular clusters (Y > 0.22), one cannot exclude the occurrence of such kind of variations in determining the observed "peculiarities".
KRAFT: Did you find any variation in [o/FeJ for the stars in a given cluster? WALLERSTEIN: Not a significant difference. We have only two stars in each cluster.
